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(57) ABSTRACT

A Raftter Center Translation Tool Set 10 that when used with
a standard 23 1t retractable tape measure 20 and a common 6
inch 742nd drill bit will provide for the translation of multiple
vertically running horizontally displaced rafter centers from
inside an accessible roof area where rafter rafters centers are
visible, to outside a roof area on-top of a decking 3 above the
shingles 4, requiring only two alignment holes for the trans-
lation of multiple centers along a 25 it span. These centers are
marked on a tape measures tape which 1s referenced and
secured between a 1°° Rafter Clip 1 and a horizontally dis-
placed 2" Rafter Clip 19 inside the roof area. The tape mea-
sures tape 1s then referenced and secured between an aligned
1°* Translation Plate 15 and 2" Translation Plate 18 on the
outside of the roof, where the marked centers from the 1inside
of the roof are now visible on the outside of the roof.

7 Claims, 6 Drawing Sheets
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1
RAFTER CENTER TRANSLATION TOOL SET

CROSS REFERENCE TO RELATED
APPLICATION

This non-provisional application claims priority to the pro-

visional application for the Tru-Center Rafter Clip System
Ser. No. 61/958,580 filed by the mventor Calvin Walker on

Aug. 1, 2013.
Statement regarding federally sponsored research N/A.

FIELD OF INVENTION

This mvention relates to hand tools or systems used to
record multiple spaced points along a horizontal line and
translate these recorded points along a linear distance perpen-
dicular to a horizontal line. In Euclidean geometry, a transla-
tion 1s a function that moves every point a constant distance in
a specified direction. A translation can be described as a rnigid
motion. A translation can also be interpreted as the addition of
a constant vector to every point, or as shifting the origin of the
coordinate system.

BACKGROUND OF THE INVENTION

An exemplary roof as shown in FIG. 1. consist of two
primary components;

1) aroof covering 4 to shed water, most commonly asphalt/
composite shingles, metal, tile or thatch material and,

2) a roof decking 3 to attach the covering to, most com-
monly %2 to 34 inch thick plywood sheeting.

Roofrafters 2, serve to transmit the weight of the roof to the
walls of the building, they are also used 1n the solar industry
to structural attach a racking system to a roof, racking systems
are generally a framework of two vertically separated rails for
cach row of panels that run horizontally across a roof, the
solar panels or modules of an array are mechanically attached
to the racking system and the racking system 1s structurally
anchored to the rafters. Solar energy systems often seek to
maximize their input one way this 1s done 1s by maximizing,
the area of the array and thus 1t 1s quite common for the array
to be arranged in multiple rows, and cover most of a roofs
area, this can require a great number of structural anchors.
Rafters constructed from what 1s commonly referred to as
2x4s are widely used in the residential construction industry
to provide structural support for a roof, and to also provide
structural anchoring for anything that may be mounted to the
rool. The geometry of a roof 1s such that the rafters of a roof
run longitudinally from a roofs ridge, to the roofs edge and are
spaced apart so that there longitudinal centers are commonly
16 1nches apart, this 1s commonly referred to as having rafters
on 16 1nch centers, this center distance or spacing 1s not exact
and 1t 1s quite common for some rafters to have more or less
than the standard spacing. For a 24 it span with 16 inch
centers there will be 18 rafters, 16 will be intermediate mean-
ing “in between” the first and the last rafter of the span, FIG.
1 shows a cut away view ol a roof section with rafter’s
longitudinal centers 40. The problem 1s that these rafters or
2x4 s have a profile that 1s actually only 112"x314" in length,
with the 112" face supporting and underlying the roof decking
and the 314" face perpendicular to the decking, the longitu-
dinal centers of these rafters will also be perpendicular to the
decking, these centers are not easily located from the outside
ol a roof which 1n the case of residential roofs 1s also com-
monly covered with shingles/composition roofing material.
With the growing interest 1n residential roof mounted solar
energy systems, which require the structural attachment of
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racking systems to the center of this underlying 1%4" face for
the proper and approved mounting of solar systems, there 1s

also a greater 1nterest and need to provide a method, proce-
dure and tool set for accurately locating these underlying
raiter centers with precision and without damaging the rooi-
ing material in the process.

The structural attachment of a solar racking systems to
underlying rafters will require multiple anchor points along
parallel horizontal lines, vertically displaced from a roofs
ridge, these structural attachments must meet or exceed a
design pull-out strength requirement that 1s based on the
anchor being centered in the structural member, A structural
attachment attains its greatest pull-out strength when 1t 1s
centered within the structural member, a loss of pull-out
strength occurs for anchor point that are not within some
variance ol center, this variance 1s dependent on type of rafter,
and type and size of anchor the National Design Specifica-
tions (NDS)—for wood construction, which are adopted in all
model building codes in the U.S., requires an accuracy of
“316ths of an inch” left or right of true center fora /4" lag bolt
anchored 1nto the 172" face of a 2x4, belore loss of pull out
strength occurs, 1t 1s therefore a necessary requirement that
the greatest accuracy be used 1n finding these rafter centers as
they will ultimately define the pull-out strength of any anchor
used 1n any structural attachment.

The most common methods 1n use to date for finding these
Rafter centers are; looking at the overhang of the roof 1f
exposed, and measuring and projecting the course of the
rafters from there endpoints, this method itroduces a large
percentage of error due to the one reference point at the end of
cach rafter and the fact that rafters may not run true for the
desired length needed which leads to drilling test holes to
make corrections, another method involves using expensive
high-density stud finders which often require the removal of
root shingles or tiles to reduce the distance between the stud
finder and the rafter and to provide a smooth surface for
scanning, another method volves tapping the roof with a
mallet or hammer, one can hear a noticeably different sound
when rafter 1s struck, compared with hitting the space
between the rafters this method 1s highly dependent on the
thickness and condition of the roof and the skills of the user
and may not always be repeatable or accurate, another
method used from 1nside the attic involves measuring and
recording the distance from the outside wall to the center of
the first rafter, then directly measuring and recording center to
center measurements of all rafters intermediate to the last
rafter needed to support the racking system these measure-
ments can then be transierred one measurement at a time to
the roof using the outside wall as a starting point this method
1s highly dependent on the inside and outside measurement of
the outside wall which 1s usually different do to siding or the
fact that the outside wall does not extend above the roof an
error 1n this measurement will be repeated at each subsequent
measurement transierred to the roof, the direct measuring and
transierring ol individual center to center measurement 1s also
error prone and this error will be stacked and additive such
that each transterred center will likely contain a greater error.

DESCRIPTION OF THE PRIOR ART

As described above these various methods have a large
amount ol inherent error and often require additional test
holes to be drilled to confirm their accuracy and consequen-
tially these test holes must then be sealed. In the prior art,
however, there 1s a showing 1n U.S. Pat. No. 4,329,783 1ssued
to Joseph A. Maresca of a hand tool for locating and measur-
ing the location of tnaccessible rafters and studs from outside
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of a roof or wall. The tool has a base plate and a tubular guide
fixedly mounted at an angle to the base plate. A measuring rod

appropriately marked with measurement indicia 1s a sliding
{1t into the bore of the guide. The tool 1sused by drilling a hole
through the roof or wall, using the tubular gmide as a dnll
guide, and then 1nserting the measuring rod into the guide and
moving 1t until the tip of the rod encounters the side of a rafter
or stud. After noting the measurement indicated on the rod,
the rod and base plate are removed. The noted measurement
will be the distance from the center line of the drilled hole to
the centerline of the rafter or stud. There 1s also a showing in
U.S. Pat. No. 2,992,488 1ssued to R. Barrett, of a wall stud or
rafter finder which comprises an indicator and a bent tubular
body the tool 1s used by first drilling a hole 1 the roof,
inserting the bent tubular body 1nto the hole and probing for a
rafter. When a raiter 1s located the indicator marks one side of
the rafter. Unlike the subject invention, both of the above
inventions are mtended to be used from the outside of a roof
area and on only one rafter or stud at a time they also require
a placement hole to be drilled through the roof for each rafter
or stud to be located, and they only provide an offset reference
point, were another measurement must still be made to locate
the Ratter or studs true center.

SUMMARY OF THE INVENTION

In light of the atore mentioned problems associated with
the prior devices, 1t 1s an object of the present invention to
provide a Rafter Center Translation Tool Set that when used
with a standard 25 ft tape measure and a common 6 inch 742"¢
drill bit will provide for the center points of multiple rafters to
be recorded as marks on a tape measures tape and then trans-
lated along parallel lines from the 1nside of a roof area to the
outside of a roof area with no error, no drilling of test holes, no
removal of shingles or roof tile, no measuring of a distance to
an outside wall, and no special skills are needed. For horizon-
tal spans of greater than 25 1t, this tool set can be used 1n a
front to back fashion as many times as needed.

This tool set provides an inside and outside of a roof align-
ment reference for a 1** Rafter Clip and 1% Translation Plate to
a first rafter on the inside of a roof and to a horizontally
displaced 2" Rafter Clip and 2 Translation Plate to a last
rafter on the 1nside of a roof though the use of the alignment
guides and the drill bit, which 1s used to drill an alignment
hole from the inside of the roof area to the outside, this
alignment hole 1s parallel centered with the longitudinal cen-
ters ol the rafters that the clips are attached to at each end of
a horizontal displacement. This fixed offset allows the align-
ment hole to be drilled along the side of the rafters that the 1*
and 2% Rafter Clips are attached to, the offset is the same for
cach clip, 1t 1s added to the center indicating holes position on
the 1st Rafter Clip on the inside of the roof and subtracted
from the 1°* translation plates alignment holes position on the
outside of the roof to get the center indicating holes position
translated to above the underlying first rafters longitudinal
center on the outside of the roof, this 1s repeated 1n an opposite
manner at the end of the horizontal span by the 27 Rafter Clip
and the 2" Translation Plate. The Tape Measure and its Tape
with the marked recording of the spacing’s of the intermedi-
ate rafter centers between the first and last rafters of the
horizontal span 1s also taken thru this translation and therefore
these spacing’s of the longitudinal centers that were marked
or recorded on the tape on the inside of the roof will indicate
the longitudinal centers of the intermediate underlying rafters
along the horizontal span on the outside of the roof. With
reference to FIG. 2A and FIG. 3A the 1°” and 2”4 Rafter Clips

have rafter centering and securing means 1n the form of there
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U shaped sections 22 and 25 respectively these U shaped
sections are dimension to securely {it the nominal measure-

ments of a standard 2x4 rafter on three sides, having a first
side, a base with a 174 inch width and center indicating hole
34 of an inch from each side, and a second side once the 1%
Rafter Clip is attached to a first rafter and the 27 Rafter Clip
1s attached to an end rafter, a standard 25 it tape measure with
a 112 inch width can be centered and secured by fully engag-
ing and centering the belt clip of the tape measure onto the
appropriate side of the U-shaped section 21 shown 1n FOG.
2B the 1* Rafter Clips U-shaped section 21, holds the tape
measure at a 90 degree angle to the longitudinal center of the
rafter it 1s attached to and its tape extended horizontally from
lett to right until 1t can be secured under the tape support arms
7 shown 1n FOG. 31B and 1ts end tab hooked over the end of
the 2”¢ Rafter Clip at the end of the horizontal run the tape
measures tape crosses perpendicular to all intermediate
raiters between the first and the last and this allows the rafter
centers to be easily marked on the tape, with a non-permanent
type marker or pencil, making a record of the spacing’s
between centers, a marking in this way will be preserved on
the tape until purposely removed, the tape 1s then detached
from the 27 Rafter Clip retracted, and then removed from the
1°* Rafter Clip. On the outside of the roof a horizontal line can
be drawn between the two alignment holes in the roof, s
extended a few inches 1n each direction so that when the
translation plates are installed on the roof the extended lines
can be seen through the alignment and center indicating holes
the 1** Translation Plates alignment hole is aligned with the
alignment hole 1n the roof such that 1ts center indicating hole
1s to the right of the alignment hole, 1t 1s then secured to the
roof by a screw thru its center indicating Hole, the 2" Trans-
lation Plates alignment hole 1s aligned with the alignment
hole on the left with its center indicating hole to the left of the
alignment hole, 1t 1s then also secured to the roof by a screw
thru 1ts center indicating Hole, The Tape Measure with the
marked Rafter spacing’s 1s then centered and secured to the U
shaped section 13 shown in FIG. 4B of the 1°° Translation
plate, its marked tape 1s then extended from right to left
horizontally across the roof until its end tab can be secured
under the tape support arms 8 shown 1 FIG. 5B to the 2nd
Translation Plate the marked rafter centers on the tape from
inside the roof area are now visible on the outside of the roof
where they can easily and accurately be used as references for
the required anchor points of a solar racking systems.

It 1s thus a principle object of the mvention to provide a
hand tool system that can be used to locate, record, and
translate multiple rafter centers along a horizontal line from
an accessible roof area underlying a shingle/composition roof
to above the decking of the roof where they can be easily
marked on the shingles, with a significant reduction in the
required number of roof penetrations necessary for accurately
locating these rafter centers. It 1s a further object of the mven-
tion to provide a hand tool system whose accuracy 1s based on
the geometry of a roof and the mathematical principle of
translation. Another object of the mvention 1s to provide a
method and tool set which will ensures accuracy and a reduc-
tion 1n the number of roof penetrations even when used by an
untrained person.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the present invention 1s fully understood 1t will
now be described with reference to the following drawings; 1t
should be understood, however, that this invention 1s not
necessarily limited to the precise arrangement shown. FIG. 1
1s a cross-sectional front elevation view of a standard roof
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section, the Rafters 2 are on the inside of the roof. The Rafter
Center Translation Tool Set’s; 1% Rafter Clip 1, Tape Support

Clip 16, and 2”¢ Rafter Clips 19 are used on the inside of aroof
area, the 1°” Translation Plate 15 and 2”¢ Translation Plate 18
are used on the outside of the roof.

FIG. 2A is a side view of a 1* Rafter Clip;

FIG. 2B is a front view of a 1% Rafter Clip;

FIG. 2C is a top view of a 1** Rafter Clip;

FIG. 3A is a side view of a 2" Rafter Clip:;

FIG. 3B is a front view of a 2" Rafter Clip;

FIG. 3C is a top view of a 2"? Rafter Clip;

FIG. 4A 1s a side view of a 1** Translation plate;

FIG. 4B is a front view of a 1** Translation plate;

FIG. 4C i1s a top view of a 1 Translation plate;

FIG. 5A is a top view of a 2”? Translation plate;

FIG. 5B is a front view of a 2" Translation plate;

FIG. 5C is a side view of a 2”¢ Translation plate;

FIG. 6 A 15 a front view of a tape support clip;

FIG. 6B 1s a side view of a tape support clip;

FIG. 6C 1s a top view of a tape support clip.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The following description 1s provided to enable any person
skilled 1n the art to make and use the invention and sets forth
the best mode contemplated by the inventor of carrying out
his invention. It should be understood, however, that the
invention 1s not limited to the precise arrangement shown 1n
FIG. 1 and that the emphasis on finding raiter centers herein
1s 1n no way intended as implying a limitation thereto.

FI1G. 1 1s a cross-sectional front elevation of a standard roof
section the five rafters 2 are on the inside of the roof, the
shingles 4 are on the outside of the roof, the Tru-Center Rafter
Clip System 10 1s attached to the Rafters 2 of the cross-
sectional area of the roof, FIG. 1 shows five roof rafters 2,
underlying a roof consisting of plywood 3 and shingles 4.

The Tru-Center Rafter Clip System of the present embodi-
ment consist of five parts constructed from 20 ga galvanized
steel sheets, that are CNC precision stamped and punched
into flat blanks according to pattern layout sheets and then
folded into clips.

In the following description where this embodiment 1s
intended for use with standard rafters or 2x4 s of nominal
profile dimensions of 112"x314" the corresponding U-shaped
rafter sections will have a base of approximately 1% inch
width, the center indicating Holes which are centered within
this base will therefore indicate the center of the rafter they
are attached to, and a pan head screw driven through this hole
secures the Rafter Clip to the rafter. The U-shaped sections
that are designed to center and secure a standard 25 it tape
measure to the Rafter Clip are at right angles to the rafter that
the rafter clip 1s attached to and will also will have a base of
approximately 174 inch width, with sides that fixedly sets 1ts
distance from the center indicating Hole by fully engaging
and centering the tape measures belt clip around a side of the
U-shaped section. FIG. 2A shows a side view of a 1% Rafter
Clip where the U-shaped section 22 opening 1n a first direc-
tion and possessing some depth 1s designed to fit the profile of
a standard rafter and the center indicating Hole 14 at 1ts base,
1s centered within the U-shaped section, to the right of the
U-shaped section, with a 1 inch offset and parallel centered
are alignment guides 3, to the left of the center indicating Hole
14 in FIG. 2A and opening 1n a second direction 1s another
U-shaped section designed to center and secure a standard 25
it tape measure and whose depth 1s perpendicular to U-shaped

section 22. FIG. 3A shows a 2”¢ Rafter Clip with U-shaped
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section 25 also possessing some depth and designed to fit the
profile of a standard rafter and the center indicating Hole 11 at
its base, centered within the U-shaped section, to the left of
the U-shaped section, offset and parallel centered are align-
ment guides 6 above the center indicating Hole 11 are tape
support arms 7. FIG. 4A shows a 1* Translation Plate with a
U-shaped section 15 of some depth which i1s designed to
center and secure a standard 235 1t tape measure, to the right of
U-shaped section 15 1s a center indicating Hole 12, and to the
right of that with a 1 inch offset 1s an Alignment Hole 24. FI1G.
5A shows a top view of a 2"? Translation Plate, with tape
support arms 8, center indicating Hole 9 and Alignment Hole
26. F1G. 6 A shows a Tape Support Clip with U-shaped section
30, a rafter center indicating Hole 28 and tape support arms
17.

Although shown and described in what 1s believed to be the
most practical and preferred embodiment, it 1s apparent that
departures from the specified method and design described
will suggest themselves to those skilled 1n the art and may be
made without departing from the spirit and scope of the
invention. I, therefore, do not wish to restrict myself to the
particular construction illustrated and described, but desire to
avall myself of all modifications that may fall within the scope
of the appended claims.

Having thus described my mvention, what I claim 1s:

1. A hand tool system comprising:

a first rafter clip, said first rafter clip having a first plate with

a first end and a second end, a {irst planar surface and a
second planar surface, and a first longitudinal side edge
and a second longitudinal side edge opposite said first
longitudinal side edge, a second plate having a first end
attached to said second end on said second planar sur-
face of said first plate, said second plate also having a
first planar surface and a second planar surface and
extending substantially orthogonal from said first plate
and terminating in a {ree distal second end, a third plate
having a first end attached to said second planar surface
of said first plate between said first end of said first plate
and said second end of said first plate and extending
substantially parallel to said second plate, a first tlange
connected along said first longitudinal side edge and a
second tlange connected along said second longitudinal
side edge, said first flange and said second flange being
attached on said first planar surface between said first
end and said third plate and being substantially parallel
to each other, a first ledge attached on said first planar
surface of said second plate substantially at an intersec-
tion of said first plate and said second plate, a second
ledge attached to said first planar surface of said second
plate, a first aperture extending through said first plate
and being between said second plate and said third plate,
a second aperture extending through said first ledge and
a third aperture extending through said second ledge and
being 1n axial alignment with said second aperture;

a second rafter clip having a fourth plate having a first end
and a second end, a first planar surface and a second
planar surface, a fifth plate also having a first planar
surface and a second planar surface and having a first
end attached to said first end of said fourth plate on said
second planar surface of said fourth plate and terminat-
ing in a free distal end, and a sixth plate having a first end
attached to said second end of said fourth plate on said
second surface, said fifth plate and said sixth plate of
said second raiter clip being substantially orthogonal to
said fourth plate of said second rafter clip and substan-
tially parallel to each other, a third ledge attached on said
first planar surface of said fifth plate substantially at an
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intersection of said fourth plate and said fifth plate, a
fourth ledge attached on said first planar surface of said
fifth plate, a fourth aperture extending through said
fourth plate and being between said fifth plate and said
sixth plate, a fifth aperture extending through said third
ledge and a sixth aperture extending through said fourth
ledge being 1n axial alignment with said fifth aperture,
and a first set of two L-shaped hooks attached to said first
planar surface of said fourth plate; and a tape support
clip having a seventh plate having a first end and a
second end, a first planar surface and a second planar
surface, and a seventh aperture extending through said
seventh plate and being between said first end and said
second end, an e1ghth plate having a first end attached to
said first end of said seventh plate on said second surface
and a ninth plate having a first end attached to said
second end of said seventh plate on said second surface,
said e1ghth plate and said ninth plate being substantially
orthogonal to said seventh plate and substantially paral-

lel to each other, and a second set of two L-shaped hooks
attached on said first planar surface of said seventh plate.

2. The hand tool system as 1n claim 1, further comprising:
a first translation plate, said first translation plate having a

tenth plate with a first end and a second end, a first planar
surface and a second planar surface, and a first longitu-
dinal side edge and a second longitudinal side edge
opposite said first longitudinal side edge, a first flange
connected substantially at said first end of said tenth
plate on said first planar surface along said first longitu-
dinal side edge of said tenth plate and a second flange
connected along said second longitudinal side edge on
said first planar surface of said tenth plate and being
substantially parallel to said first flange of said tenth
plate, a fifth ledge attached to said second end of said
tenth plate, an eighth aperture extending through said
tenth plate between said first end and said second end of

said tenth plate, and a ninth aperture extending through
said fifth ledge; and
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a second translation plate having an eleventh plate having
a first end and a second end, a first planar surface and a
second planar surface and a tenth aperture between said
first end and said second end of said eleventh plate and
extending therethrough, a sixth ledge attached at said
first end of said eleventh plate and having an eleventh
aperture extending therethrough, and a third set of two
L-shaped hooks attached to said first planar surface of
said eleventh plate.

3. The hand tool system of claim 2, wherein a longitudinal
distance between said flanges, said first aperture, and said
second and third axial aligned apertures of said first rafter clip
coincide with a corresponding longitudinal distance between
said flanges, said eighth aperture, and said ninth aperture of
said first translation plate when said system 1s 1n an 1nstalled
position.

4. The hand tool system of claim 2, wherein longitudinal
distances between said axial aligned apertures, said sixth
aperture, and said L-shaped hooks of said second rafter clip
coincide with corresponding longitudinal distances between
said tenth and eleventh apertures and said L-shaped hooks of
said second translation plate when said system 1s 1 an
installed position.

5. The hand tool system of claim 1, wherein said second
planar surface between said second and third plate of said first
rafter clip forms a base of a U-shaped channel opening per-
pendicular to a longitudinal of said first plate.

6. The hand tool system of claim 1, wherein said first planar
surface between said first and second flange of said first rafter
clip forms a base of a U-shaped channel opening longitudinal
along said first plate and 1s configured to receive the body of
a tape measuring device.

7. The hand tool system of claim 1, wherein said second
planar surface between the said eighth and minth plate of said
tape support clip forms a base of a U-shaped channel, and said
second set of L-shaped hooks support a tape measure tape
perpendicular to a structural member when said system 1s in
an 1nstalled position.
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